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333 



3444 

* 43* €4^4 33 43 « 33 4^3 44 3 °JsL4, f-ej-^v ^e) ^7l4S £-§-3 

AS 4*34* t^^[ 33 43 g f-4^4 ^ofl ^014. 



333£ 

4E3 ^131 ^aofl 5£33*. 43 JL^SLQ ^ jl^ajj^l- 4344. 3^3, 43 fl"33 o§3*fl^ oJl^tfl, 
33S UD^i 3)4 43 44* 44 #o>^a-1 ^w>o]is}. afl^^ ^**°1 ^ ^( contac t 

hole)3 433* 44 fc6>*| 5^. 

334 43 4*1« 4513 433 ^12:1- 3*«3* &B\7\ f*jl44. 343, 3313 *33 

&33* 334 3434* 433* 4* 34 £3 333 443 43334 44. 3 3*3, 33 34* #31 

43 ^43 3 4* 443 *844* 33 47}3]44. 

^34, 334 4* #4^4 33 43, 43 *s 34 44^4(34 ICP)» 4*43 334* 44^4 33 4 
33 Sfl33* 333 33 fis 01 ^o^lfe fl«w 44 7> ^el*| 4^4. 013.3, ofl^i^ ^ a7 > = 
«H °l#ii.4433 -at*. ^ofl ^3.3 c^a^ a-e}.^]- ^6fl <g*j=,§- x,]x\x\ ^-frfr ^ 

344. 

aft, 4513 433 4iL3 chb. tj.<3=^ jel^-oii ^-^>7i 4*114, 44 ss4i7} 4344. ^ 3 s, 34 *<*il 3 

^3 43 3U43 43, 34 * ^333 tfSJ^jJH 4333 434 444(343 SiO 2 )<>i o)l^] 

* 4-2.7} &4. aeji-h *43 o.s 6)R14 444 333 451 3S, «1|43 Poly-Si, W, WSi, CoSi *3 3S» 3 
34* 3*3^r 3*3 43 444* 3343 35-3 3:44^. 43* 443 3^344. 

3-2-3 S3* 4*3 £* ^^14. ofl^ CoSi *^ ^ TflSS « Bfo] ofl^ls)^, ^<^^flS 

^}7} *°V^*fl ^11*. ZL HfL<H <i^* E}7jO £ ^o^^J. 2:^61|^ ^^^C^S, «-ef^>7> »°>^4fl 

^^1 W 5)^1 °1 ti»5L3} 5fl=K ^, iL* ^ v <^ 

-3^7> 4 6 >7Mfe #42^} ^7} <S^* ^> 6 > ^lS-el a47> ^eflslfe ^<^14. 

£ 18* *5fls} 1-4^1- ^Hl 5fl°H^, ySt^ ^-¥-(10) ^ ^ 7fl^= ^£«>14. 3E. 

18^ 2EAl$ y><q. ^o], QsLUft $o)s\ ^^-(lO)fe- 7}°)!L ^ (80) g ^^^(153)* ^al^cj-. 

^^E)(153)fe ofl^tfl AIN f^S <>1*^14. 7M= ^(80)* oflifltfl SiO 2 *^ ^^^flS. ^l^^lc).. 7 }o]b. ^(8 
0)* A^^(153)S1 5^1- Sin, 7>ols ^(80)^ ^* ^-fl^(153)Ji^£ °H 3*8. 

7H= ^(80)<>1 ^rH^I ^<>ls|(l)2l Si\^& fl^ls 7}o|E^ ^4. 

olsltb ifr£*H ^-^^(10)1- #4^4 ^sl 3«d ^m^S SiO 2 43 ?fl°l3|3 ^l^ 1 

o] ^^^rf. rt4 ^* ofl3}<q E.^of. Poly-Si D -|AS a^o] ^rE^l fl<»1^4 S 1 ^^ ^H^ 10 ! ^^H, ^ 

n*\ 4^1 s^^i siO 2 43 fll°137> ofl^slfe 3* ^4*4. °1 <^I€tfl SiO 2 43 ^£^1 *W3 

5^1^! ^l^itfl 150^ ^-4)* ^e]4^ °JS>^?I °fl^-frs 343*1 &^4. 

°1 €?1* 4*4 4<>1 ^34^4. 4, Poly-Si3 Si7> ^ &^ ^^^^ *4^4 4^flfe ^4 

44^4. ^e14, SiO 2 43 fll<>13» ^34 ^11)4^3, ^3 43 441-3 4^ 3343 « 
21-2,4 437V 433 34 43s. 4fl^4- 

333, 3^#* 34 43S. 43333 333,33 A133* 4*4fe 34!3 4*344. ^34, 33 333* 
4*4^ ^* 34, i^*3 ^ ^3* 47>^*h, ^84 ^ 4^ 3l4* 443 3fe 333 44343 *44. 

£t, ^3 333 444 ¥-4-1-*, <443 CIF 3 7}if a>*4 «33^-S 3^(33)44. ^34, 34 333 
43* *444. ^4, 3^3(33) 3* 437> 34 43s. 4343 333* 33 <H3 3^r3 33 333* 4 

44 33*434 44. 
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-H -8^(153)^1 nfl^l€ 7>o1h ^(80)* =L ^o] ^^e](153)^£ ^J-«H ^^s^s. ^^tj.. o] 

SEtb, -fr^Sjl ^, ^Kbell jar)^ -R-3l*l] ^e)>g(^ r^g. AM-i- ^^-*>7l fltJH, 0*3°iq- 

*S«©1 ^^^-S. JEfc L7f^^ 7l)i^ol A}-g-£r}-. 

03 °i ^a+^fe ^* fltfl, °i ois]^. ^§ ^ A7V afe 

L*MM 7^5101 A^sife ^-f o|fe x|<y ^ofl S^W ^JLS|^ ¥-S°l «-«*>7l -a^fe 

€• ^* it^lS *>s, ol^^ TfliM ofl^i ^e)* aj^§>?fl -a^-fi- ^ ^<Ha-1 ( 4 

S£^V, ^5] ^lifl^Ai ^fltfl ^2) ^ ^Aj*V^ Tfl^ ^oll 7l^*H # 

lis] ^ojBioHAi^ 7 >isl -fi-f-g- $<a*>7ll SM, »e]-2:Pf* sa<H-H 

^X%2) ^ojSL ^ 7>^>7fl £fe ^Ol 7>W -fr^^ ^« ?Dl«H, -*7l -fr^3<fl ^ ^ 

s]^, #^°> ^i^ ^-*H 5^*1 *\z)^<% ^9 HM ^ **fl7> ^fl<Hl ^^vfl» 

ofl^o. S o]8js>^.) ^-f HJL^l^lr ol^S>fe 7g^. £fe ^M)* *7l Aj-tfls ^A]7]fe ^-f ^ 

4, ^ tfl^l -8-31*11 JM|* *Hf^°> d)b1 *)]o}2)# A>^-^1 ^e^£, jL-ir^^-S. 

^fls. ^1 =^ ^ 1-^01 i^sidel-t, ^«1^4 sl^^^|7> ol ^#ol| i^ilfe 53* »8-*l 

7>olH SgAj^Cj.. SEtb, «>^*l-7llfe A>7l 7>bl= ^ 7 ]S\^^\^ ^5l^iL^£ ^Tfl *1 

TMi^ 5l*>^, -B-^^ll ^tt Sfl^. a«r, t^nH i|^e1^ 3|e]3 

oiiAi ^oj^s^ ^ £ 7V^^tj-. m®, -fir^i^l Jf-.^i^i ^lla ^ *4 °H s«r£ -§-°l*>4. 
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#2l-^>7> o^ol, ^-71 7fli^^ ^ofl ^<H£ <a^^ ^ #7l7> S* *^ O.3. *>fe 

tMM g** iL^Hr 7>^*>C).. SEft, fctf* ^"Jiflfe ^ol 7>^*l-7l 

*}S\aL, -$7] Z]Z]^ll\d\}X\ 7JA>^ Aj-ti^o^ 7fl^*>fe 7>i ^.fr 7 ^ Aj- 

7] *|el<aMW »e1-^>7> <^7l£)fe 53 f^SB} *]Bl a^Hc}.. 

«>^*>7flfe #71 7>>i ^ ^ ^ <#1$°] Eflo]3E] ^0.5. E) °] , <#7] 7]-i ^,o_ ^7] 

»>^s>7flfe #7] a^aj^ t*>g ^-33) « 4 xi^., aj-71 «g*Hi -ff^l *sfl aj- 7] ^el^^ofl 
^p> 7 >c^7l^rf. 

tMH ^*>^, ^Bl-aSl ^O.^B), i^fl^H^tfl, ^<y-^-)» *j=«f)Ai #^^1 7}A f ,g- 

*3 #ef^} ^e]^xfl ^a]^ ^ 

S^r, €- ttTM s)*l-^ t «|* ^"71 ^e]^ifl^ll *ix}s\3L ^e]*il7> ^fl^* £fe 1" 

7fltflfij-, ^71 ^flrfl^ ^o^£ 7^>7ll gfe 7Brt!- ^-^^l ^7fll- ^U^H, ^ 

^sfl ^7l ^el^^ofl -B-je #21-^^71- oi7lE)s.s- £1^ #5l-^> ^Hl Ay-g-tb #^P> ^e] «J-^6fl 5Xo]*\, 

^■7] -Pr^i^l ^-T-fll- ^#^3 ^ AlTj-ofl Aj.71 ^el^lflofl ^2±v}7} ^7]S\^ 2,7} Q ^-g- ^1*1- 

S* ^ #^^1- ^ Bl oi 4. 

^71 ig-lg C| £l*>ia ( i&r^v} 3-^01 ^7]^. ^.jg^. 7].^ ^ fttt. Aj-7] ^. 

^ofl ol*!-^, ^El# ^ Hj-^oDS. ^7} &7I nfl^-ofl, XlSl^jol ^ U£4i 7 } 7Br*}t}. 



£ 1£ £ ^ 1 ^AH6fl 4# §2}^^ ^51 14^^ 7fl^, 

s 3* ^74- Aj-«.oi ^73^. 1+^^ 7 m ^s., 

£ 5^ ^^£ t 

5. 6^- ^- tt^^l 1 ^Aloiflofl 4^. 7 >i S°j 7fl 5^ 
£ 7^ ^ ^£^1 -|Ho.)H nW 7>i S<y 7fl ^= 

-E 8a vflxl 8cfe M-El-iflfe ^l^, 

^ 9fe »1 1 -gAHH trfs. 7 fl^sl 

i 10a tfl^l lOcfe SEM-EDX(°HM7.1 ^^^ol §-^- 7 l ^a>^ ^^7^)6)1 £1^!: ^ ^J£, 

S. 11a iflS llcfe 5)-El# 711^5., 

£ I2fe las) si-nH ^11L> ^1^^ q-EHife- 
sl 13^ JisH sl« ^^^=21 q-Ei-iflfe h^, 
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£ 14xr £ 413 ^| 2 4*HH 4# 4.51*1] fll °1 5£j ^J?-* 44*flfc 7^ ^3E, 

£ 15^ 4 413 Tfl 3 ^*HH 4^ 45L31 *lMs] 471144 44*flfe 7flef ^3E, 

£ 164 4 413 ^ 4 4*H°fl 14s. ^ol5) ^-7fl-^-» q-^xflfe 71)^= ^51, 

£ 174 4 413 *fl 5 4*HH ^ 4*1144 q-H^lflfe 7l]4 #45=, 

S. 18-Br 4«fl3 44^4 ^3 ^jofl ^cH^o^, w>£^ $)1o]se] ig-^o] <a^l# t+El-m^. ?114 44E-. 



4M14-M1 

°1*H £44 42:44 Tgr*$°\ #*] * ZL 2:7)2)- ^83 4*1 °H ^-S)-o^ Aj- 

*n*i -M144. 4 144 ^ £^<i stow. 443 o.s. ^3 7i^ ^ ^^oi) ^a-)^ ^.^^ 

4 A* 4°i #.2.s*q 44 4 1 * 48 444. 

(^i i -a 

£1** 413 1 ^A)o))o)l n)-= #e)-2:n> ^)1- l+Bfiflfe 7fl^£o)c)-. £ lol) jea]^ H>J4 igo), 

u> S)B) 4*l(150fe 451*11 4IH343 a>^o)u). 7 ]E]- 7flaS) *H7]SHr 6)1^1 ^Hoi, -frJSl ^ 43^4(1 

CP)4*14 *H44 4 &4. 

<>1 4*1(150)^ q]4 44 143 ^Hl(i5i)rt tflg): ^aj-o] igxKbell jar)(152)» 4:2 44. 44(152)^ ^3(15 
1)3 ^^H] 444^ 71)^(179)^- 4*fl 7l^*>7ll ^^1^4. t*Kl52)fe ^l€tfl ^1o]u)- xflej.^ 43 44 

34(151)4*11^ 4^3(153)71- ^344. 3^3(153)fe 333*114 451*11 3133(34, #3 SJI333. 34)(D 
4 ^Jg o^. 7c]>q*|.7l 3^1 ^34. ^483(153)3 44<Hlte g. AjAjoiiofl 4= ^(iso)7> ufl3£|34, a. 
4314 ^2^1 tfl*lWxr *#^3. at!-, 44*11 4*ll(180)4 37l)3 a^£h( £ loflfe I7fli?> S.Al^)(200)ofl 3344 



33 4*D(154)fe tj|4 44143^1 ^^El(l53)* *\*m^. m)(l56)$= ^o]^(i)* 7>1s>7l fltfl^ ^43^(15 
3)tfl<Hl nfl^^4. #€(175)^: ^€ ^ *-ii(177)4 *«| «1^(156H €3* *^«;th 

3^(157)* ^i+^7(l^1 €4(152)^1 €^€4. ^€(158)* ^fl-7l(159)» S^(157H 

^^^cf. ^€(158)^- ofl^ifl 450kHz ifl^l 60MHz, H>^a)*>7flfe- 450kHz ^] 13.56MHz^ £ 

fc jl^sl- 3 3 -fr ^ °1 7>^S>cf. 

<^7H, t7.>(152) ^Ajofl -fiig^tK £ 3* 1^(152)^ ^Aj^- 7%^ tts., £ 4^r 

£ 3^1 44v)lfe P^Sl jg-tflSoltK £ 3ofl 3EA]«. ^o], ^>(152) -S-^fe ^^"(153H tfl^- cfl*j= 

^^(201)<>1 -S^l^. rfl* ^(201)^ Al ^ €4(152)4 ^H^l, «fl*14fe 14(152) 

4^ 4^4-8-3 fl(203), ^o]*\ ^(205)4 4i^]€4. 59(203), ^(205)* *4 *r4S 

^^s)^, 14(152)4 ^^4^ 7>«a-tt4. 

tfl* ^^-(201)* ^ AlTfl^ ?)iH(207H ^^«4. el^ yJ*K207)fe 14(152)^4 A14|^1 

Al^^tt1(209H ^^€4. ifl*^ «^-(201)^- 71^(207) S a1^?)b](209)4 *^ ^^144- 

5^^(207)^1 c)^- «<iHfe =a^-7l(159)7> 44^1=131, S. 3^ P^*4 *«fl ^^(157)4 47l^^.S ^#44. 51 4 
o)) SAjtt 44 £4 P^^r =8^-4(159)4 ^(211), £4(21lH 4^(213). 4^-(213H ^^4 
44(215) ^ ^4(215)ofl 44(19)<fl ^«fl ^#4 44(217)4 4^, 4 4^ *3 4^44. £4, 44(217)-& 
4^(211H ^444. #^(2ll)ol 34(157)4^44^-^ ^471(159)4 SH(157)<>1 47l^°.s. ^444 

#^(221)4 44(217)4 s°a(l57)4 443-^ ^4Al?lfe 71^4 4fe4. °fl4tfl, £ 5°H s.44 44 4^1 4^- 
(217)4 ^44 ^44(223)7> 44(225)°fl ^«fl S4(157)<^ ^444. 44(213, 215)4 ^4 s^4 ^ J §- 
°1 4444. 44(213. 215)^1 ^44 4*1^.31 -r4 4^ xfl<S 4^1 ^ ^h1(227)s ^4^1^, ^4 47] ?H 
01(227)7]- AlTflsl ?]w](229)S- ^tj.. ^7} tb44 4°1, 3-^4 44(158)-5.S.^-E] =8471(159)4 4«fl 2^(1 
57)<fl 51^4 434 ^44^-S.^ 14(152)tfl<>| ^ ^a>^17> ^ 444. 
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3*7 Tf ^7^60)^ ft£*H *W4 WW 4ft Ar* ^ft* Ar 3^4(161)4 ft4#* 

^H 7 11* H 2 * * m H 2 ^4(162)* *a &ft. 7>i 44(163, 164)* 44 7 >i *#«(161 162) 
3#44. (165, 178) 3 nfli 4a+ *oj7l(H6)7> 2]- e^-ojofl ^134. 

7fi £<g ^(167)* €4(152)4 ^4(151) aH«1 *HJ-°-S 41444 7}^ €(167)4 ifl^ * 

34°I|* SH*3. ^ €4(152)iJ14 **HK155)4 f"»<HHa 3)* W\ 44 7}if 7}^l ^2 

7 >- ^ ^(1673)01 43*134. *ll€ 7>i €(167)* 34(151)*«J4 4>-¥-<*fl 1-S ^60 4*11 4<y-g- ^sfl 
7l^*1-7fl -il€44. 7>^ £<9 ^€(167a)* €4(152)4 4#°fl *1|*14* #7) SJ^ (s oJol teol)Sl 1/ 

24 444 ^4^(155)4 #4^(a 3)3. *»3H ^e] 7fif z^-H^ *11444 <£ft 44-21 7>i ~5L<a 

^4(167a)* f^lS «fl444. oH 44, txKl52)£l ^?_HK155)MH 3"447ll 43 7>^« ^ °14. 

a, o] 7 }i 519J Ti«g(i67a)* °l3H 4444 #uL, 444 3.716)1 tfl-g-sH 5«ft -fr** €4ft5^r 7fl^a § 

* 4E7>a^44. * ^AHofl^fe 207fl4 7>i 5L<g ^(167a)<>l 3^34. 4£fe aj^ ^ofl 441 
«34S « ^ #44, ^4^(155)4 ^ ifrE«fl 444 4"^* 4^(^4)4 - E ojcj. 

£ 661)51 514^ 44 50], 7 >i £«g €(167W* ^4 *Q67b)4, 43W -g^sHr 7>i *s.(l67d) 

7> 4444. 7>i *S(l67d)<*|* 7\£l 44(163, 164)4 3^r44. 7>i 44(163 164)-?_3.^44 71^- 
S% ( «fl 6 ™*^)5f ^ Q67)lfl011 "° d£l01 ' 7 >~ ^ ^4(167a)* «-«| 6(3! 7>i7> ^Pf(155)4 ^oj- 

£ 6^1 IE4ft 44 Qo] t 7 >i £<y ^(167)21 ^7>«(i55)*5i *^(l67c)* ^4 €^44. n ^4^4 ^(i 67 
cH, 7>i £<y ^^(167a)°l 7fl^^4. ft, °l5lft ^^21 ^ ^ ^S.^ 7>ifl-(A)2l- ^ «|. 

-g-#^ 7>^fl.(B) A>Olofl ^£^>7> AJ 724. olS«|, 7>i £Oj ^xg(l 67a )0. S «Bl S121 7}+7} d| 
6)1, 7>i £<a ^^(167a)2l #^ ^-e<^|Ai vHfCa*^ *^)7> ^Aj^d-. ol nfl^-o,!, ^7>^-(l55)ifl61] &<£^ 7} 
^ S.<Qlk^r Si4. ~ 

^7H, £ 7*11 5L*m y>4 7>i £9j 13(167)21 *^(155)*2l *^(167c)«)l Bflols] Tg(167f)ol €4jftft 
°1 ^1^3) ^(167f)°ll tffl*>^, Aj^ojs. jg^^ 7>^£.9J ^(167a)«>l rfl ^ ^a) s>7)] 7fl^c)-. 7} 
- ^ ^^(1673)21 €•** *£. S^2l ^71 S^(a<g2] fcol)4| 1/221 ^o] 21^6)1 51S>*>£S. ^^-o. 

S.^, A>« S^E) 7>i^-(A)2l- «Hp.«fl|Ai 7>ifl-(B) A>o^ ^i£^7> i^SlJl, Sfltflifl 

6)1 7}± f ^-oj^T,] jE.^*fe 3H 7>^«j)^4. atb, 7>i £<y ^(167a)2l *?HK155)^ ^5-* £ 7<^1 

ftE}-Ml* #^(167g)# ^Aj^S £^71^4. Ol 3 o., 7 >^ ^#^2} Tj^-Al^ ^ Oj^ 

ft*6)l, £ 8* 7>i 5L<y ^(167)tfl2l *(167b)«fl S.°J*>7l fl^ 7>i *S.(167d)Sl ^-Ajo)l ^-gfl 

a-1 Aj^^d-. £ 8* 7}^ *S(167d)2l 44^fe £^°14 ( S. 8a* ^oa^ii £ 8b ^ E 8a 

^ Q ^'fl^^l 7flsf£, £ 8c* £ 8a2l R-R^2l 7fl^o]cJ-. 

E 8<H 44 *°1, 7>i ^(167)°fl* ifl^-4 #(167d)6fl 7>i# 5.<a*>* 7>i *S(167d)7> 4l^l€4. 

7}+ S<a €(167)4 4^6)1* S 8b«K y>4 ^^l, 7>i ^S(167d)4 ^^7} i^#^4. 7>i *S(167d)4 

*(l67b)2i ^#-^-4 Aj-^-ofl^ £ 8a ^ £ 8c ofl £ ai*> «>si- ^oi, igwj-ty: *(i67h)<>l 4i444. ^4^1, 7}^ 
167d)4 i^(167b)4 ^^4 f-(167b)^i 3«ol ^Sjol, 7}i f-^(167dHA-l E^sjfe 7>ife ^(167 
h)* ^9**H £U67bW i°jft4. «>1 nHi «fl*°1. 7>^fe *(l67b)4 €^€"^(^€^) ^.s ***>7l -8-°l*l-4 
44^1, ^ft^(155)« **|A| 7\±7\ ^4 5°J*fl?I4. 

sft, ^4(151) #44 »§4(152) #^* *447l 4«fl^i 7fli5l(i79)* *«fl 7m^ ^^4. s. 9* 

* -e^HHl 4* 7fl^(179)4 ftft3£o]ft. E 9*11 44^* 7fl^5!(179)* ^(152)4 ^^ft4 7>^ E°J €(l 

67)4 ^4 m : g- i a4 4 0 } 0 ll 4i4€4. 44^1, 7)^0} %.*\q<>\ ^(152)4 «*«<>1 M^a 4** €4« 
^ °i4. at!-, 6] 7^51(179)* ^* 7}^ *44 JWASAI. **flaa*a i^^l ^ ^^1 ^ 
^€4. 2ft, 4ft44?fl* -£ 9°fl £*lft 44 ^^l, € ** 711^^4 Wft^, ^«g^ =- 7 l 3^ ^-ft( 
epLb)^2l #7l(179a, 179b)7> €^ftft. **, 7fli5!(179)4 4^°11 #7l(179a)7> £^ 7fli^(179)4 

l"7l(179a)7> 27H ^ ^ Ai^ S - E ^4 

^^tfl, s. H EA]ft 44 ^l* ift4* «fl7] ^-4(169)71- BB4 ft(i68)6il 3^44. ^4(151)4 4 

4^21 <a^-fe 7l)^4jl, 4 7fl^6)l^ ii§ Hfl7l-f-(182)7> 71^47)1 ^^44. ^4 U||7m(168)* Bfl7l^(182) 

4 sf-ft 7fl^o)l ^#44. ^-4 «l|7l^-(i82)4 44^1* 4^4(153)^ 444* 44 JM(154)4 ^444. =l 
51ji bH4 4-4(l69)» 4*44 ^4(151) ^ 1 4(152)4 HH4 : ¥-(182), -Bfl7l4:(168)* *sil 4i44 4^- 
£S 44^ ^ Sift. 
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a«. 7fl4S H«(170)7> 34(151)4 «h4°fl -8434. *M4(i) fe o] TflolE ^ti( 170 )7l- ?W3 4-45 oia* 
te ^f^344 »*) 443. 3<£€4. a*, 4^4(153)4 t^4fe 34(173)^ 4^4(172)1- *«( ^ 
4 33(171)4 3434. 44 33, 4^(173) <^JL4 44 4 ^ *\ 7}7} 7 }^* ]jL 

434 34 ^43 #4^4 44 344 4^* 3^34- +3. 443= 3« (170)7)- 4444 3HKl51)lfl6|) *»4 

3*44, *A3 *33(181a)44 *)14^(D* ^-g.44. n. ^ 4(181a)4 4344 4-94(153)34 *H44( 
1 7 >^^-^f. ^°lSH!^.a70)7>*|^|S!ui.af|7l 3*1(169)4 4«q *HK151M| * *I4(152)4 ifl44 J 
444 ^34 3 < 3-347>34.434,Ar^#3(161)^H 2^^(162)^5.^ 34(151)iflS Ar 7}^ 31 H 
155H 7 lS1SSi7>^'^ 4 33(158)iLiM ! -4 ^(157)4 a** 334 *4(152)afl4 *?H>-( 

4 -B-s 44?fl4 4*1], 14(152)^4 W=f (155)4 «4S44 4334. ^4:s, 4 »4^44 431 flo]jfl(i) 
4 S ig4 4, «^mrfl 3444 43} tf. ol 4, ^«(171)0LSJf E| 4^4(153)4 444^ 33-g- °1 

43 ^ &4. ii^ 44, <43tfl H 2 7>i Aj-g-Sfe 7^» 4**Hr 4*4*r 44(156)4 34(1 

75)iL5L^-4 333^44,434(153)»7V3 & ,- m. 1 ^ U 

34 2:44 »3, °)134 334 o.lPa ifl4 13.3Pa, 43447(lfe O.lPa ifl*l 2.7Pa, *)H4 ^£7> 100X3 

ifl4 500^, Ar4 7j-i 4^3 0.001L/& ifl4 0.03L/3 43444fe 0.005L/3 3)4 0.015L/*, H 2 4 7 >i * 
34 OL/* 3)4 0.06L/* 43444|te OL/* 314 0.03L/*, ul^4 33(158)4 ^44^7 r 450kHz 3)4 60MHz 
43444|fc 480kHz 3)4 13.56MHz, 444^ 434 - 2 0V 314 -200V(OW 314 500 W)44 443 ^44 
*^- D ^* 3344 30^ 3=. 44 447 r 34433 4, 44.4.0^44 Si07> lnm 314 lOnm 4JE 44^4. 

£ 2fe 4« 351*11 3144 44*(100)» 4431* 7fl^= 33JE44. £ 24 £44 34 a-Ol U>5L4 

*44 ^jjLQoo)^ 4-84(153) g ^-xfl(180)§ #51 Stl^. ' 

^^B|(153)fe <^m^ AIM, Al 2 O 3 , SiC 4as »1^<H34. -8-3*D ^-7fl(180)fe oil^xfl siO, Al 2 O 3 , Al 
N,£feSi 3 N 4 f #2^} *Je}AH 4f^ol -f^slfe ^flg.s 01^^14. h^ji a^b)( 153)^H -fr^affl ^. 

^(i80)7> ^-Tfl ?ath €■ -a on si^Ai ^ ^(isote ^«aoitf. 

a*, ^-711(180)^ ^<y-^ *>#^S ^Kt2)7> ^, -B-^^l ^-7.fl(180)3 3^Jf 

^ f-^sl ^-3i.4£ «*Kt2)*5 -**«tj-. ^|oi3(i)3 3^ Aj- 7 ] rixKt2)<^l 3«fl <?>^€4- 

fll°l5)(l)fe ^Tfl^t)-. #*Kt2)fe ^lol3(l)3 ^v\}7} 3 1.7mm %S.<H 7&-$-, ^l^rfl 1.0mm ifl^l 3 

mm ^S., v}^*}^ 5mm ifl*| 1mm, ^-3 «>^*F7flfe ^ol3^ ^1 ^>g4 ^-<g^V ^ ej^o] v}^-z\ 

atb, ^3^1 ^7fl(180)^| ^7^^- A^3(153)3 3^^3£ 37)1 <§Aj<gtK S ^^1 ^-7.fl(180)7> Ai^3(i53)Aj- 

^"^M -r SlTfl ^-flE)(153)Ji4E. 3^1 : ¥-(180a)7> -g*l«tj.. atb, ^(180)3 

3 Sf^ofl^ S>aj-o.S. ##^-(180n)7> ^^^3.. sj- 7 ] ##^(180n)-b ^^3(153)3 sfr#<a 
^0} ^^^^-(153^^^) ^-8-33. 

^^^^S-fe, °il?itfl ^^3(153)3 £.s.jf(153n)fe £ 2 of| 3E.3€ 44 ^^^3. ^337 

•*W(153)4 i^(153n)^ ^-7fl(180)4 ##-=f (180n)7> **H. ^^4(153)4 ^3-¥-(4^ 

)4 ^vigon ^-7K180)4 4^^(180a)4 ^je. 5fl4. °1 ^-7fl(180)fe ^^3(153)5. 

^-4 €-3 3*V*M Ai^3(i53)^H tb^^ o.s 31^ ^ sa4. 

JMI(180)4 ^«3+3 ^(tl)7> gJ=o.^ 7>^-3 31ji £ ^ ifl^oi ^3. ^ < ^(ti)7> ^-3* 
3Z7H4- 44^, ^-^(tDfe ofl^ifl 0.5mm vfl4 5mm 4^^7flfe 0.5mm v))4 lmmol4. 

zl^, oi3tv s>£.^)l ^44 #7fl^-(ioo)* #4^4 *14 34(150) ^ Xi44, #«fl^ ^fls.3 a4<>ll 4^ 
^714 £^ 44 e 4*1)4 44 AI44* 4-8-4fe #4^4 447> ^^4Si4. * ^H4 3^fe 

^^^s, ofl^4 4| oi4(i)4 wvoj^^oj A> oiofl fl44(i) 7 > V4£\& 34^- ^7fl(i80)4 °113 44* 

^«9^4. ^4 4 (after process) 4 ^4- 

^^fls.4 44 aE3*.s.4fe ICP-g-4 ^1^4 33(158)4 #3°1 200W tfl4 1000W(43447)]fe 200W ifl4 700 
w), 4°14^ 3^-8-4 33(171)4 #3°) 13.56MHz4 ^4^ ioowtfl4 500W(4344t)1^ 400W) 3301 

4 o.lPa ifl4 i.33Pa(43447flfe o.67Pa)zte})4 Ar 4~8-4fe 4°1 43444. Ar 7>^4 44^ 0 00 

1L/S- 44 0.06L/^-(43447flfe 0.001L/* ifl4 0.03L/min, £fe 0.038L/min), 4^4 ^8r£fe -20'C vfl4 500 
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V, 4434?Hfe 200^3 (Ar 7>ifif H 2 4^43 44 7}if ^+«Hfe a^3 4££r 500T: 4 3W 

44344). £4, *13 344 5a 43 30a, ^lScfl 103: %S.7} 3-^3 sj-3-. e>13$- ^e] 2:4 o.S -fr^^l JM 
7> ?H 3*8. 44 ifl^^ -fj-^l ^7> 44^4. o]6)l tcf-ej-, nflSLHl ^ 3-3#3 ^ o] ^^rf 



^7H3, 3.3^ ^^qa 1£S] Jl43| S. 10, £ ll, S. 12, £ 13* 4*344 £ 10 

4 SEM-EDXH133 44*i ^iiflol 4^4^ 44^1 3tb 4i 24 43 £ £ 11^ 3-3§ i|M 

51 71)^5., S. 12 ^ IE. 134 ^S-3 Jl^ £]4 13 ¥3' €44 43414 5^34. 

£ 10a. £ 10b ^ £ lOcfe 44, Si 44(152)3 433 33-§-, Si03 4 ^ 24) 4^5L34. s. 10 6)1 £3^- 

4 43, Si, 44(152)3 ^33 g SiO 2 -^43 zj#^l Si «i:0 4^3 H]fe zj-zj-, i 0 0:0, 49:46, 34:66 

o|c}.. 3-eM, ^7X152)^1 433 3344 Si 4^4 0 4 1:13. J£44fe SiOS 4444. 

51 llal £44 3.3 z>3, ^7>(152)vfl^ ^4(155)1 1^4 SiO 2 7} **l!4fe ^4, 33 7>i^3 ^ 7 |. i7 j. 
#4^41 331 31333 4^4fe H - «\] 331 ^ SiO 2 7} -gHS33 Si07> 33 44(152)3 43 3| 334^ 
3 ^444. 

£ llb^l 5.34 44 43, 33 43 31333 33 -§-3 ^«g^ S i03 3343 4434 33# 

(315)3 €4. Si7> 45L4 Si043 ^l7> a444, -g-^ofl 331 J£ iicofl 3-3-tfl^ 33»(317)4 

43 3-3^4. 333 33^ ^333^ 334. n^ej-A), ^34 44 zj-o] 33-^ 3^3.3 3*b 433 

^ SiOl- 44333 4fe Ar 7>^^>o.S ^^1^ 51 °1 «>^*>cl-. 

£«r, £ 12 ^ £ 13<>11*r o)]^l STiAS. £^H|<H £ 12 ^ £ 13»fl £A]t!- 

u >^- ^ ^flolals SiO 2 « ^ «>£*l] z]-z> GOSi 2 ■ Poly-SM- 

tb ^^1, ^ SiO 2 » oil ^^=4^- ^-^WlS-e) jL3f). 

#^^1 >fism «»1 ^fl^^l -¥-^S]fe #€<^1 €tb^. ^l^^ «4e1- #e>^)-7> -M^sH^ ^ 

^1^21 <£o]^ 7|^-, Cf^- ^e)(<^7H]A|^- v^fl ^ ^o l3I | ofl^) ^o)], ^e|7> 

. oH n*2}, £ 12 S £ 13°fl SA]^ zlo], GOSi 2 Sfe Poly-Si» ^Hl*>7l ^^1^:0.3. ^-^^4. o]^J 
-Sfl4;Al7)^ <£^. 

afb, ^Al5>7l fltfH ^7l^ z>^ o.s. -S-^^ll ^-^(180)7> Alelslfe ^-f , ^n<£[ ofl 

^Eflir °]S)4\ Poly-Si(#e)^els)u|. CoSi 2 (^H^hI^, ^H^e]A>6lE) ^ 

« oH^tfr ^ ^^2] ^ofl tfl^. cfl^^. e> isoai, q=>il a>^><^ 

^lfe #5]^ ^ ^ 7 ]^).o))^ q= 300^, 43 « ^l^fe 4 lSOOa^ ^2]7> ^^.7> sl^cf. ae)^ 

^ol 7>^«fl^l4. 

^e^ 7>^S.Ai A>^-E)fe Ar 7}ii} H 2 7>i^ 7bi^ ^e]^ ^44^ ofl^i^. sl^o]^] 

*A>^ SiO x 7b iH3 -g-7) ifl^olu)- ^-7|lH£] ^-^ s.^} ^zb«4. ^31, 7>i?J H 2 7b^7> » 

42:T,H o}*fl tfl^^H H + ^ H * O] *8^S\T&, <>]$<*] SiO x 7} ^^E)<H ^^^Cfjl ^Zj- 

SiO 2 fAS ^ -B-^^l ^fl(180)» «eb^> ^el*b^, *13 -g-71 tfl^oiv|. ^a] -g- 7 H^ Jf 
Tfl Afls^ SiO 2 ^ m^s^, 43 W°l A S7i7i o. s ^ ^ a 5}e)-^ ^-6- 

43 # fltb 1-4^4 ^3°llfe ^3 7>iS.Ai Ar 7}if a>-§-^ 30] u>^-zj^. 

£tb, l^H 30a ifl4 60a ^£.51 ^13 AjTVoi c^i ^flol^* A>-g-§M ^34^^, «Us-3 S4°H tfl?b ifl 
«1. 4*11 f-* a>-§-4 ^3 #3^ ^3 a7l4 ^ 43S W ^^3 ^-f<fl, 443 A J-3 ^3 ^7}^. 5^- 

104 °14, 504 «H44fe 5J°1 44. 44*11 -¥-^(180)1- ^34^ 344, ^12-3 

^■^l 314 fll«l, 4^11 Ab44 ^3 1-3^ ^3 a34 sfe 43 43* ^«fi 3 n l ^1°13# 
Si4. 44^1, 4^ 5 -943 £4* 44^13^ Jl47> 5U4. 44*11 4*K180)^ <^|^ 43 ±e^H 434 
Tfl s4€4. 

Wl 2^ah1) 
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ai7M4. n^H, ^(tl)fe ofl^rfl 0.5mm xfl*l 5mm H>**|*M|fe 0.5mm tfl*l imm o]tf. r ^ 
S^i? JJE"f?!S? ^2)71- WW. ^(580)4 

S'-f 101 ^^ i2?tilf H ^ Kt2)fe -^ 7 > ^ojJ^m«iaa!m3 

*| 3mm^£, M>^^-7fl^r 0.5mm ifl*l lnunS, Ji4 H>^-*|*Mlte flo]^*] ^ gflig^ ^ =^ 

0)5^ #;e4| $|]o]5| tf4W500)* £fe fefsnf *)b) ^1(150H^, Surfofl rfl^V tfla) ^ tfl 

t InA *** Wi ^ ^ * W » ***** ^ ^ «M*Kl>* *«W 

^11 f ^ * ^ ARI " ^ 1 ^ -fi-34| ^ 4l(580>te jicf -frol^xi Ai^El(i53a)ofl 

A l *1 el 7}iS^ Ar 7>i^>^ A>-g-*ffe 3} o] *>cf . 1 ^ 

£ 15fe 4 3 ^Aloflbfl 4^. #5.4] ^o]3] ^-^-¥-(600)* tJ-Ehflfe 71)3= tt«£olt}. £ 15°fl SLa^ £o1 
£^1 ^o]tf| ^-7fl^-(600)te #sV^n> ^el ^l(150)°fl Xl<^^ ^-7fl^.(i00) rfl-il a}^-* * ojrt-'^T 

^<=>1=1 ^7fl^-(600)fe ^1^El(153a) * ^7fl(680, 682)# »a flr*. ^^S)] ^11(680, 682)fe cfl^l 

■fr^^O ^-^(680)^ #<y-^ ¥H(tl)7> a=iL^ 7}^«l ^^5Z vfl^o] ^t)-. ^(tl)7> ^4 

jl7>ol4. n?-^, ^(tl)fe ofl^cfl 0.5mm tfl^l 5mm ^i, «>^^fe 0.5mm xfl^] lmm ©Icf. 

£^r, -B-^i^l ^-7(1(682)^ tf^fe sf^S ^Kt3)7> « ^^cf. ^, -fr^^l ^-7fl(682)^ ^-^0] 

f^J-Jf^ ^Ji^s. ^Xt3)^># -fr^aii ^7fl(680)sJ 4flo]^(i)s) nn*& ^Kt3)«H 3*H «>xfl 

€4. «>1S^, fl^)o1) ^11^4. ^Kt3)fe ^v\]7\ Of 0.7mm oflfctfl, 

0.5mm tfl^l 3mm^£, »>^S]-7fl^ 0.5mm ^t;] lmmS, Jitf w>^*>7fl^- $Hs|oj ^-v\) ^ ^-^fl 

*£*H ^-7fl^-(600)# f^l- ^21 ^1(150)°11^, tflael Jl4°11 tfl* tfla|, ^ ^e)^ tfl 
*V i7lfl- Sfe 4El# a-fl U 0 M# flails, #eJl c^l ^ola)* A}is}<^ ^^)^ rfl^l fl|oii|(i)« ^ 
^-B-^^7||(680)©«1|^^t|-. 

^ « ^-S- ^ 1 S ^1 2 ^^1^14 tflgf ^<a*W^-, -B-^) ^-7fl» 27fl^l sq-HS] #0. 

S*? ^-7fly ^-7K580H 7>*ol -g-ol*>cf. shq. i5L ^ ^0.^ -57^0] jitj. 

16^r 34 4 ^aH6J 4= ^0]^ ^-^JK700)* 44^fe £ 16<H1 44 Qo] w_V 

£^1 ^«>H ^-7fl^-(700)^ SjB) ^l(150)ofl 5ft<H^ ti>£S(| A o] ]*| ^TflJfdOO) tflAl A]~g-^ ^ jatL 41 
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3£*)1 *Ms) lW(700)fe A^^(i5 3a ) ^ 0.^3,) « 7fl(780j 782)1 . ^ -a ^ « 7fl(780 7g2fe ^ 

1'Ji° f ^i, \o a ^ Si 3 N W^r^} *3^<H -fr^fc X|JL3. o^o^ >^Bl(l53a) 
^l^la s-c- ^j3-i: Sfen-. 

*#*fl ^11(780)3 #3-¥-3 -¥-*fl(tl)7} §£0.3 7>^-ol 13:3 tfl^ofl ^4. 33 ^l(tl)7> 3 J>- 

al7>ol 3. 3^ , ^ (ti)^ o,i ^ tfl o.5mm 3 5mm ^ 3#*1 3?)] ^ 0.5mm xfl 3 1mm °1 x\ . " 



5^.-8-3*11 -¥-^(780)51 ^3^3 33*11^ ^cls 33(t2)7> ^33. ^, ^3*11 ^7.fl(780)3 s) T r 

3 33°1 ^<y-« <q 33^ 33( t2 )3? 3*33. *H°l3l(l)Sl 3^fe ^ 33(t2)°ll ^SflAi 3ifl33 ololtd 
ej, 3M3j(l)fe 3** 3*W 3*1133. 33(t2)£r 3H*)(1)3 ^17> 3 0.7mm ^5=3 ofl£t||, 0 5mm tfl 

3 3mm^£, 33^33^ 0.5mm xfl3 lmm£, .H.3 33*137)l : c- 45)Mn]3 ^ sflf^- 33: ^l^o] ^3. 

0^3 3^3 fllolB) ^fl« (700)4 3 fe *3^3 3*1(150H3, ^£2] JL^l 33 tfia) #3 A1e|6)i tfl 

-rr^l^l -r-^H(580)-l- C> 1H 1 33. 

afl^S] 3:^ 3 il A]^ #3 o)^2l 3^H3 33 ^333, 27B£1 a&^3JL 3<>?3 

^ ^3 333 3*fl(580H Hl*fl <HR1°1| 3-f<S| M3&o] jitj. ^-o]*>4 3:3 ^2333 ^Aloiol 

«4 « -8-331 ^H) »)n ^ Xls-s. 33 J:^7} 3<H33. 33S 33 3*1# 33 #ek*3 *|3)AWfe 33 7 > 
iS3 Ar 7}i^ 3-8-3fe 3*1 33*13*4. r 

(3 5 -a ah) 

i 173 3 5 3"& S>3£^H *MS] ^-7fl^-(800)«" q-H}-lflfe 7fl^= ^^£olT^. £ 176)1 £.A]^. u><21- ^-ol «> 

ssil 41^134 *^JK800)fe »5}sn> ^e] #*1(150H1 5tt«H-H ^^)| ^|oi2) ^-^-^-(100) tflAlofl a>-§-^- ^ oirt." 
SVJE^fl $0}$ WHaOO)S= A^El(153a) U -fl-^^l ^(880, 882)« ^ ^cf. -fr^Jfll ^-^(880, 882fe 

Iv^ 1 ' ^ Si 3 N ^ ^^ A H1 -B-€«>1 -8-^1 sl fe ^|ss °1*<H;4, >H!^(l53a) 

-fh^^l ^^(880)^ f-^S] ^(tl)7> g|=o.^ 7>^-ol ol^ s ^^-a^] ^ ^ ( ^(tl)7> 3^ 
H7H^. 4^, ^(tl)fe 4^iTfl 0.5mm ifl^l 5mm ^E, 4^*>7flfe 0.5mm ifl*] 1mm ^cf. 



-8-^^ ^-^(880)^ f"*-¥-S) Aj-igo)!^ §>« 0 vo.S ^A>(t2)7> <g^^. ^, -ff^^] -f-^|(880)^ sq^ . 

^, ^l°l5l(l)fe fl^H ^€4. ^Kt2)^ 41 «>1 3^(1)51 ^ 0.7mm ^5L<J] ofl^rfl, 0.5mm ^fl 

^1 3mm^£, a>^z|^70fe 0.5mm ImmS, u>^-3l«}.7fl^ o] 3^ ^ ^1^4 ^ ^ ^^o] ^tf. 

«>iai* ^^s] ^fl^-(800)* S-fe A^e| ^-*Ki50H>H, ^S-^l A^H tfl^ tfl^, ^)e|oq tfl 

■fra*-¥-*(580)*«l*«tih 

S3 ^ Al?> ^ Ol^ol ^AHl^ tfl^= -8-35)1 27fl2l Jf^-SJ 2,^*)}3, ^<L3,M\, 

^fl°J -8-3^1 ^(580)011 «l«f) d;2.3 ^-f ^ s$oi ^.cf -g-oi^q-. atb, *H 2 S ^ 3 

Ar 7>ii£ha- A>-g-s>^. ^ol H>^-3*>r1-. 

"^l^fb S-eJ-^r a-Ie) ^1 ^ n ^7]^- ^Itt -a^H*! 3«flA^ ^ 
531*13, £ <>1«1^ *H ^s]3 gffetj.. '3-^^-ej-3. ^^t 1 ^ 7^113 7l#^ A>Aj.oi ^xfld)|Ai 

z^o} 3^oj| ^<^H1 ^ Sife rx^*6ll 3«B^£ ^3^1 ^- ^^1 7l#^ ^^ofl ^ 

sfe ^i^s. oi^-g- ^014. 

4atfl, -8-3^ ^sl ^aj- ^3^. Aj. 7 i ^jAi^ofl 3^£)a1 3-^ iaq-7> ^<H3fe 3°13 ^ ^ 

^B3£ #4. £3, *J3 ^3 « ^el ^13 ^ 3 »3^3 ^ei 3*HH ^-8-«- 3 3^^: 33*Vfe 
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(57) 31^2) ^ 

^7} ^el^tfl^l ^^5|al, 3l*l5lSf|7> £fe ^fltflsq-, 

-8-71 ^flt^ *HJ£ ^-^-fr ^« 7>^S>7ll Sfe 7>^«; -f}-^ J^7||* fB]^, 

#7l -fH3*| f-*fi ^"71 *]H]-at|H f-i^l-7} <^7lslJE^ §>fe o. s 

St 1 * 2. 

*ll 1 #°fl 5£<>H, 

#7l -B-^^l JjMlfe 2)^^5117> ^^-g- #2, 

*n 3*<hi 

^T 2 -^- 4. 

-SM #71 ^fltflSl ^<H1 ^Jcl 7Hr$ S^r 

1-Bl-^>*151 

*ll l # ^ 4 W <H2= #°fl 5£<>H, 

#71 -B-^^l ^Ife JliiL ^51^ <LsL *|^. 

7. 

#el-2:*l-*13 flo^, 

+3*1 



-8-3*H «W l-i^l ^ 7.fli!LS ^€ Jg^S ?JI^# £fe *1 21-414. 

3t** 8. 

9. 

^■T 1 ^ 10. 

*ll 9*J-°)1 il°H. 

^7) 7>i ^5] lfl^S£ -#«J-*J=f} B)]0l3l| ^O] S\SL, ^7] 4^ 7>^ ^# o. ^ ^ tfl 0 -| ^ ^ ^ 

#e^}*l5l #*|. 

^T t % 11. 

*)1 9 10 &<>H, 

j^aj 7>i ^£ ^^^l «a^« *^*H ^ti^Hfr 53* 

*ll 9 ifl^l 11 W <>^ ^ ^1 5a°H, 

A <M ^x>^ -R^ «* g-tg ^7} ^el^xflofl -R-5. «el-^>7> <>}7lsl5Uj- «>fe 3* sfe 

#el-sn>^e| 

St 1 * 13. 

-B-^^l m ^e]^^, ^"71 ^Bl^lflo)l *i*lsl ji s^e^V 'iNl'S* ^flrflsl-, Aj- 7 1 ^fltflsi 

*h;e iNm-ir ^ 7>^f7ii s°i -3-3*11 ^^i. ^hi§m, -*7i -a-^ f-*n -*7i ^ei-atflofl 

#Hl-^l-7> <^7lS)£^ S}^ #e}^n> Af-g-^ #e^} *1 2} ^6]] ^O^, 
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^S-SLS *R=" ■ - ■ - r 

*)1 13 W&W, 

^-p-"^" 15. 

*ll 13 % £fe *ll 14 *J-<*H 91°]*], 

^7] ^7}s± aj-7) S^^^H £ <g^ Aj- 7 >^s. ^^ol-^.^ ^sjfe J}3 o. 3. SR=. 
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